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ABSTRACT
Objective: This study was aimed at assessing efficiency of the original coniferous energy supplement in the diet of cows at the end of the dry
period - beginning of lactation - for improving the energy density of diets, enriching them with vitamins and major and minor nutrient elements,
improving milk productivity, and maintaining productive health.
Methods: The scientific-production experiment was performed on the basis of the “Lukoshkino” unit of the “Klenovo-Chegodaevo” research farm
(Moscow) on twenty cows. The preparation was fed at the rate of 150 g for 20 days before calving and for 30 days after calving.

Results: Studies have found the positive effect of the preparation on the average daily milk yield, natural fat content increased by 5.4%-6.9% (with
butterfat percentage increased by 0.09%), and reduced cost of feed per unit of obtained product.

Conclusion: The use of the preparation promoted enzymatic processes in the rumen, had positive effect on the carbohydrate-lipid and protein
metabolism, and had no negative effect on the non-specific resistance of cows.
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INTRODUCTION
Productivity of dairy cattle is associated with intensity of all types
of metabolism in the organism. With the optimal state of metabolic
processes, the genetic potential of highly productive animals is
implemented to the fullest extent, and productive health is maintained.
The feature of metabolism in high-producing cows in the period of
trying to obtain a higher milk yield is the fact that the high energy
requirement for milk formation may not be fully covered by the
nutrients that come from food, it causes the state of relative hunger
in them. As a result, lipids of fat depots, muscle tissues, proteins, and
minerals of own body accumulated by the animals during the second
half of lactation, especially in the dry period[1-3], are used for milk
synthesis in this period in significant quantities. Many researchers tend
to believe that in case of high level of productivity, the normal course
of lipid metabolism in the organism of cows is limited by the lack of
glucose, which in large quantities is spent on milk lactose synthesis.
Therefore, to increase glucose concentration in blood and to normalize
the metabolic processes, various glycogenic feed additives are used,
including propylene glycol, salts of propionic acid, and glycerin[4].
In the domestic market, the basis for energy additives is mostly
propylene glycol, while in Europe, glycerin is successfully used. The
main component of glycerin is glycerol. Glycerol interacts with many
compounds, is harmless to the environment, and is not dangerous
to the soil and the groundwater. This scientific paper is focused on
studying this area.
METHODS

The research, development, and production experiment were performed
in the period between September and November 2016 with two groups
of cows of the black motley breed chosen by the principle of analogs in
productivity and lactation. Each group contained ten animals: Group 1

was a reference one (did not receive the preparation), and in Group 2,
animals received the coniferous energy supplement (CES) in the basic
diet in the dosage of 150 g every day for 20 days before and 30 days
after calving. Animals in both groups were kept in the same conditions.
Animal diets were prepared in accordance with their live weight and
yield (Table 1).

In the experimental cows, milk production and milk quality,
parameters of rumen fermentation, biochemical and hematological
blood characteristics, and some indicators of non-specific immunity
were studied. The gross and average daily milk yield was calculated
on the basis of reference milking of all experimental animals. To
determine milk quality in experimental animals, average samples
of milk were taken, and the following was determined in them:
Mass fraction of fat, protein, lactose, and non-fat milk solids. In
stabilized blood, total protein, albumin, globulin, creatinine, urea,
total bilirubin, total cholesterol, calcium, phosphorus, alkaline
phosphatase, glucose, alanine aminotransferase (ALT), and
aspartate aminotransferase (AST) were determined. In whole
blood, level of hemoglobin, number of erythrocytes, lymphocytes,
and hematocrit were determined. Lysozyme activity in blood
serum (LABS) and bactericidal activity in blood serum, level of
lysozyme, and opsonocytophagic response were also determined.
For characterization of rumen digestion in animals, parameters of
rumen fermentation - pH, total volatile fatty acids (VFAs), molar ratio
of certain fermentation acids, ammonium nitrogen concentration,
and the content of microbial mass (bacteria and infusoria) were
determined in the content of rumen.
RESULTS

Information about milk productivity and milk quality is summarized in
Table 2.
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Table 1: Diets of experimental dairy cows
Fodders and indicators
Haylage of perennial grasses, kg
Corn silage, kg
Grass‑and‑legume hay, kg
Combined fodder, kg
Molasses, kg
CES, g
CES: Coniferous energy supplement

Group
Reference

Experimental

19,000
15,000
3000
7.0
0.8
‑

19,000
15,000
3000
7.0
0.8
150

Table 2: Milk yield in experimental animals, milk quality
(n=10, M±m)

Indicator
On the 30th day of the experiment
Average daily milk yield, kg
Percentage of reference
Percentage of fat
Percentage of protein
Percentage of lactose
Percentage of NFMS
Number of somatic cells,
thousand/cm3
Gross yield for the period, kg
Milk fat yield, kg
Gross milk yield of 3.4% milk, kg
Average daily yield of 3.4% milk, kg
30 days after the experiment was
stopped
Average daily milk yield, kg
Percentage of reference
Percentage of fat
Percentage of protein
Percentage of lactose
Percentage of NFMS
Number of somatic cells,
thousand/cm3
Gross yield for the period, kg
Milk fat yield, kg
Gross milk yield of 3.4% milk, kg
Average daily yield of 3.4% milk, kg
On the average for 2 months
Average daily milk yield, kg
Percentage of fat
Gross yield for the period, kg
Milk fat yield, kg
Gross milk yield of 3.4% milk, kg
Average daily yield of 3.4% milk, kg
Cost of fodder per 1 kg of 3.4%
milk
Concentrates, g
NFMS: Non‑fat milk solids

Group of animals
Reference

Experimental

30.6±3.8
100.0
3.86±0.25
3.03±0.06
5.02±0.04
12.9±0.27
1200.8

32.7±2.3
106.9
3.95±0.02
3.03±0.08
5.01±0.06
13.41±0.19
490.0

918
35.43
1042.2
34.74

981
38.75
1139.7
37.99

31.3±1.0
100.0
3.68±0.13
2.99±0.14
4.93±0.21
12.71±0.43
1725.0

33.0±1.22
105.4
3.77±0.1
2.99±0.14
4.98±0.09
12.79±0.48
147.4

30.95±1.9
3.77±0.14
1857
70.0
2059
34.3

32.85±1.2
3.86±0.06
1971
76.1
2237.7
37.3

939
34.55
1016.3
33.9

204.0

990
37.32
1098.0
36.6

187.7

As the table shows, the use of CES in the fodder increased milk
production. The average daily milk yield on the 30th day of the
experiment with natural fat content and after transferring to the fat
content of 3.4% in cows of the experimental group was higher by 6.9%
and 9.3%, respectively, as compared to animals in the reference group.
A higher fat content (3.95%) was observed in cows in the experimental
group versus 3.86% in the animals in the reference group. After
administration of the preparation had been discontinued, the average
daily milk yield in experimental cows also remained higher than that in
the animals from the reference group.
The content of protein and lactose in milk from the cows in both
groups was almost identical. A considerable reduction was noted in the
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number of somatic cells in milk from cows that received CES, which may
be due to the bactericidal action of conifer the preparation. A trend to
increasing the content of dry milk solids in the milk from experimental
cows has been noted.

The cost of nutrients for production of 1 kg of 3.4% milk in groups
of cows that received CES was the lowest. Hence, in cows from the
experimental group, consumption of concentrated fodder was lower by
8.0%, as compared to the animals in the reference group.

Biochemical parameters of cows have been statistically processed,
summarized, and presented in Table 3.
It should be noted that all animals in the experiment were healthy,
with biochemical and hematological parameters of blood within the
acceptable physiological norms. At the end of the experiment, it was
also noted that all biochemical parameters were within the limits of
the physiological norm. However, some differences were observed
in the changes in biochemical parameters in the reference and
experimental animals. Thus, the experimental cows had a decreased
level of protein in the serum, mainly due to globulins. This may be
due to the increased milk production by experimental cows and the
absence of diet correction due to increased milk productivity. In cows
that received CES, a tendency to increasing concentration of albumin
(5.5%) in blood, decreasing concentration of globulins (by 7.4%), and
urea content (27.2%) was observed. The latter may be the evidence of
increasing assimilation processes. Concentration of creatinine in blood
of cows in the experimental group was lower by 5.2% than that in the
reference group, which may also be the evidence of intensive nitrogen
metabolism in experienced cows.
In the blood of cows that received CES, no significant difference was
noted in changing the amount of transamination enzymes – ALT and
AST. An increased amount of these enzymes is usually a symptom of
liver disorders. Consequently, the use of CES does not result in liver
disorders.

The level of cholesterol in cows that received CES in the diet was by
26.3% lower, as compared to the animals in the reference group, which
may indicate metabolism intensification in experimental animals.
The level of glucose in experimental cows was by 9.5% higher than
in the animals from the reference group. However, fluctuations of this
indicator were within the physiological norm; therefore, these changes
may be due to the fodder issues.
Information about content of macroelements in the blood of
experimental cows is shown in Table 4.

According to the table, no significant difference has been noted in the
content of certain macroelements in the blood of cows that received
CES and the animals from the reference group.
Hematological parameters are summarized in Table 5.

In general, the analysis of hematological parameters indicates that
no significant difference has been noted between the cows that
received and those that did not receive CES. However, in the blood
of the experimental animals, a higher content of hemoglobin (5.8%),
hematocrit (1.7%), and erythrocytes (1.8%) and low content of
leukocytes were found, as compared to the cows in the reference group.
This may be an evidence of the harmlessness of the preparation and of
maintaining productive health in its use.

Table 6 summarized the information about indicators of non-specific
resistance in experimental animals.
Analysis of the data in Table 7 shows that cows in the experimental
group had the increased by 70.0% percentage of LABS, as compared to
the reference group. In cows that received CES, phagocytic activity (PA)
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Table 3: Biochemical parameters of experimental animals’ blood
Indicator

Group

Total protein, g/L
Albumens, g/L
Globulins, g/L
Albumens/globulins ratio
Urea, mM/L
Creatinine, µM/L
ALT, MU/L
AST, MU/L
Alkaline phosphatase, MU/L
Total cholesterol, mM/L
Glucose, mM/L

NormΔ

Reference

Experimental

87.3±0.85
26.1±1.43
61.2±1.94
0.43
4.49±0.33
71.2±1.54
17.8±1.64
74.0±9.7
67.4±9.9
5.21±0.31
3.38±0.12

84.2±0.83*
27.55±0.43
56.65±0.99*
0.49
3.27±0.45
67.5±2.42
18.9±3.2
73.7±7.4
71.03±8.4
3.84±0.35*
3.70±0.05*

70‑92 g/L
25‑36 g/L
40‑63 g/L
0.4‑0.8
2.4‑7.5 mM/L
62‑163 µM/L
10‑36 MU/L
41‑107 MU/L
31‑163 MU/L
2.1‑8.2 mM/L
2.0‑4.8 mM/L*

Normal values of biochemical parameters have been taken from the Handbook “Guidelines for balanced feeding of dairy cattle” (L. K. Ernst Institute of animal
husbandry, 2016). *≤0.05. ALT: Alanine aminotransferase, AST: Aspartate aminotransferase
Δ

Table 4: Content of macroelements in the blood of experimental
cows

Indicator

Group

Calcium, mM/L
Phosphorus, mM/L
Calcium/
phosphorus ratio
Magnesium, mM/L
Iron, µM/L

Reference

Experimental

2.4±0.06
2.2±0.13
1.09

2.24±0.20
2.3±0.4
0.97

1.09±0.07
20.94±2.14

1.25±0.08
21.52±1.53

NormΔ

Group

2.06‑3.16 mM/L
1.13‑2.91 mM/L
0.82‑2.39

Reference
Experimental

0.75‑1.34 mM/L
12.9‑37.1 mM/L

Table 5: Hematological parameters of cows that received and
did not receive CES
Indicators

Group

NormΔ

Reference Experimental
Red blood cells, 10 /L
Leukocytes, 109/L
Hemoglobin, g/L
Hematocrit, %
12

7.76±0.36
11.0±0.24
92.5±0.63
36.6±0.4

CES: Coniferous energy supplement

7.9±0.4
10.64±0.21
97.9±4.1
38.3±2.5

5.0‑8.0 1012/L
4.5‑12.0109/L
82‑121 g/L
22%‑34%*

Table 6: Indicators of non‑specific resistance in the blood of
experimental cows

Indicator
BABS, %
LABS, %
PA, %
PI
PN
Lysozyme, µg/ml of serum
Specific units of lysozyme activity,
units of activity/mg of protein

Table 7: Content of microbial mass in the content of the
rumen (M±m, n=5)

Group
Reference

Experimental

58.54±1.15
12.67±1.20
11.1±0.52
1.60±0.18
0.18±0.01
0.37±0.01
0.88±0.05

59.03±0.54
21.54±4.7
13.02±1.13
1.40±0.07
0.182±0.01
0.50±0.07
1.34±0.22

PI: Phagocytic index, PN: Phagocytic number, BABS: Bactericidal activity in
blood serum, LABS: Lysozyme activity in blood serum, PA: Phagocytic activity

increased by 17.3%, concentration of lysozyme increased by 18.5%,
and bactericidal activity of blood serum increased slightly. Changes of
such indicators as PA, phagocytic index, and phagocytic number had
equivocal nature. Therefore, fluctuations in the non-specific reactivity
of experimental cows signify that the use of the preparation does not
result in pronounced changes in organism resistance to pathogenic
influences, regardless of their nature – non-specific resistance.

In 100 ml of rumen content, mg
Bacteria

Animalculines

Total

253.3±20.1
280.5±22.3

125.1±16.8
171.3±37.6

378.4±34.8
451.8±56.2

Table 8: Dynamics of the parameters of rumen metabolism in
experimental animals
Group
рН
Ammonia, mg%
Total content of
VFA, Mmol/g
Acetate, %
Propionate, %
Butyrate, %

VFA: Volatile fatty acids

Groups of animals
Reference

Experimental

6.39±0.14
13.75±1.01
156.3±12.5

6.11±0.14
13.07±0.7
169.9±7.5

65.2±1.3
22.0±0.9
13.0±0.7

66.0±0.8
21.4±0.7
12.8±0.6

Norm
6.0‑7.3
6.5‑30
55‑75
15‑25
10‑17

Efficiency of using energy and feed nutrients in ruminant animals is
directly dependent on the nature of the metabolic processes in the
rumen and the microbial processes in forestomachs. Indicators of
ruminal digestion are summarized in Tables 7 and 8.

The data in Table 8 show an increased total acidity of rumen content
in the experimental cows, which is obviously associated with
intensification of the processes of fermentation and formation of acidic
metabolites in the rumen in the form of VFAs, when the cows received
CES. The total amount of VFAs and end products of carbohydrate
digestion in forestomachs was higher by 8.7% in the experimental
cows, as compared to the animals in the experimental group. This may
be the evidence of intensive hydrolysis of carbohydrates in animals
that received the preparation. Considering the molar ratio of individual
short-chain acids, we should note an increased share of acetic acid in
experimental cows and a decreased share of propionic and butyric
acids. More intensive microbiological processes in the forestomachs
under the influence of CES are also manifested by increasing mass of
symbiotic microorganisms in the content of rumen. A higher mass of
symbiotic microflora was noted in the experimental animals - the level
of microbial mass formation increased by 19.4% including ciliates
(by 36.9%) and bacteria (by 10.7%). Thus, the CES introduction was
accompanied by increasing the total mass of the symbiotic microflora,
both animalculines and bacteria. However, these changes were
unreliable.
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DISCUSSION
Balancing of the rations can be ensured not only through the
introduction of deficient components but also through the use of feed
additives that increase efficiency of fodder digestion. Biologically active
preparations ensure more complete extraction of nutrients from the
fodder, normalize work of the digestive system, and allow satisfying the
physiological needs of the organism[5-7].
In the search for new vitamin carriers for livestock and poultry breeding,
attention was drawn to needle foliage as a feed additive, which is widely
used. By the most valuable components - protein, extractive substances,
and fat, needle foliage is superior to grass, being inferior only in ash
content.

According to various authors, digestibility of organic matter of natural
pine needles is in the range between 24% and 80%, i.e., needles are
highly nutritious and easily digested. Pine needles contain carotene,
chlorophyll, xanthophyll, and other substances that play a role in
metabolism and in the synthesis of several new vitamins in the
organism, whereby the content of carotene, which is provitamin A, in the
needles, is two times higher than that in carrots. In winter and autumn,
lack of vitamins could be rectified by adding pine and spruce needles to
the diet, which are rich in vitamins A, C, B2, K, E, P. Thus, 1 kg of green
needles contains, mg:pine:carotene – 60-130, Vitamin C - 3000, Vitamin
K - 20, Vitamin B2 - 5; spruce: carotene – 50-120; Vitamin C - 2500,
Vitamin K - 12, Vitamin B2 - 5. Pine and spruce needles contain iron,
manganese, copper, zinc, cobalt, potassium, sodium, calcium, etc. [8,9]
The high content of cobalt in the needles explains the therapeutic effect
of feeding them to cattle that suffers from tabes. Besides, needles contain
resinous substances, volatile oils, and phytoncids that have bacteriostatic
effect on the intestinal microflora. The use of pine and spruce needles in
the amount of 0.1-0.2 kg per head per day as a vitamin additive increases
the daily weight gain in pigs by 13%-35%, as compared to the weight
gain in animals that did not receive the additive. Feeding needles to
domestic animals, chicken, and hens helps prevent vitamin deficiency
and increases their productivity. Feeding pine needles decreases meat
yield and does not impair its quality. The use of fresh crushed needles
in the experiments with young cattle has reduced feed costs per unit
of production by 5%-10%, as compared to the reference data[10-13].
The efficiency of feeding the biologically active additive containing pine
extract and glycerin has been fully substantiated in this study.
CONCLUSIONS

Feeding CES in the amount of 150 g/head per day to cows in the late
dry/early lactation period resulted in an increased average daily yield
of milk with natural fat content by 5.4%-6.9% and in a reduced cost of
fodder per head. The use of the preparation contributed to improving
fermentative processes in the rumen, which was manifested in increased
formation of VFAs, and level of microbial mass formation increased by
19.4%, including increased ciliates and bacteria by 36.9% and 10.7%,
respectively. Introduction of the studied preparation into the diet had
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a positive effect on carbohydrate-and-fat and protein metabolism in
cows, which was manifested in an increased concentration of albumin
5.5%, glucose 9.5% with reduced content of urea by 27.2%, creatinine
by 5.2%, and cholesterol by 26.3%. In the blood of cows that received
the CES, a higher content of hemoglobin (by 5.8%), hematocrit, and
erythrocytes and a slightly lower content of leukocytes were noted, as
compared with the cows in the reference group, which is an evidence
of the absence of toxic effect of the preparation. The use of CES in the
diet of cows in the late dry/early lactation period helped to increase
the phagocytic and lysozyme activity in the blood serum. To maintain
productive health, to reduce the effects of the post-calving stress, and to
increase milk productivity of animals, it is recommended to use the CES
in the diet of cows in the late dry/early lactation period.
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